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Il. EXECUTIVEUMMARY

TheCyanobacteria Prevention and Early Detectiooject focused on three lalee Lake Cassidy, Lake Ketchum,

and Lake Lontathat have experienced blooms of toxic blgesen algae (cyanobacteria) in recent yeg@igure

II-1). The project was conceived and implemented by the Surface Water Management OiSlaibfof

Snohomish County Public Works and funded by a $28,500 grant from the Washington State Department of Ecology
(Ecology) Freshwater Algae Prografie project began in June 2008 amds completed iduly 2010.

The goals of the project werB) to increase public awareness of toxic cyanobacterial blooms and their ca2)ges,
reduce the risks to human and animal health from toxic algae,3tal help citizens control nutrient sources that
feed algal blooms. The project addressed public awarenessatnigént reduction through a variety of
educational outreach efforts. The project reduced risks by implementing early detection and notification
measures and by extensive monitoring to identify patterns that lead to toxic algal blooms.



Figurell-1: Locations of 3 Target Lakekake Ketchum, Lake Cassidy, and Lake Loma
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Public Outreach
The public outreach elements of this project were extensive:

e SWNM recruited volunteers at each lake to assist wittnitoring and with identifying algal blooms.

e SWM developed 12 new pages for its website to provide better and more timely information for citizens.
Six pages promoted the understanding of algae and toxic algae in lakes. The other six pages promoted
bestmanagement practices (BMPs) for reducing nutrient pollution from watershed properties. In
addition, the web pages for each of the three lakes were updated with links to this information atod up
the-minute toxic algae testing results.

e SWM designed and mad a series of four mailers to all residents within a quarter mile of these lakes.
The mailers provided information about toxic algae and nutAetuction BMPs.

e SWM held public workshops at each lake to educate citizens about toxic algae and nutfibats
workshops for Ketchum and Loma were waliended.

e SWM sent two mailers and held two workshops to help citizens learn more about caring for their septic
systems and the importance of healthy septic systems for lake water quality.

e SWM responded to nmerous requests from citizens for information and technical assistance in response
to the outreach efforts and to notifications about toxic algae episodes during 2008 and 2009.

e Most importantly, SWM worked with the Snohomish Health District to post sigdsand out public
notifications whenever toxic algal blooms occurred at the three lakes.

The public outreach efforts were successful in reaching lake residents and users multiple times. Website usage
increased dramatically during the projeddnecdotalinformation indicated that citizens were more aware and
knowledgeable about toxic algae and the causes of algal blooms after the pr@jateach materials, wepages
andnotificationtechniques developed in the course of this project can be appliedher lakes in Snohomish

County as well as other programgo further the project goals

Early Detection

The project involved expanded and more frequent monitoring of toxic algae and lake conditions during 2008 and
2009. SWM monitored each lake at mpld locations on a weekly basis from early summer until late October.
Monitoring included algal toxin@nicrocystin (a liver toxin) and anatoxé(a nerve toxin); chlorophylla;

phycocyanin; phytoplankton (algae species); water clarity; and temperatwledissolved oxygen profiles.

Findings from the monitoring included:

o All three of the lakes experienced toxic algal blooms during the pro[@etecting these episodes at an
early stage was the most impant outcome of the monitoring.

o0 Lake Cassidy expenced toxic algal blooms in late summer in both 2008 and 2009, with
microcystin levels reaching 4600 pg/l, which is more than 700 times as high as the Washington
State recreational standard of 6 pg/I.

0 Lake Ketchum had toxic algal bloom2008, 2009, an2010 In 2008, microcystin levels
reached 416 pg/l and anatoxm reached 12.9 pg/l, compared to the State recreational standard
of 1 pg/l. In 2009, Lake Ketchum aésgerienced cyanobacterial scuati summer long, but the
toxin levels were low and nev approached the State standards 2010, Ketchum had an en
again, offagaintoxic bloombeginning in late June



o Lake Loma had no toxic episodes in 2008, but had ateek bloom in 2009 with microcystin
levels reaching 74 pg/l. These were the onlp tmeeks that Lake Loma had scum

e The algae in all three lakes were dominated by cyanobacteria during the warm weather periocallAlso,
the lakes had moderate to very high cell counfsyanobacterialuring at least portions of the summer.

e The presence ddlgalscumon the surface of the water was a fairly reliable indicator that toxins might be
present. So, a first step in identifying toxic conditions was to lookdomon the lakes. (This was
especially true at Lake Loma becagsamwaspresent onlywhen the lake was toxic.)

e Measurements of phycocyanin were a very reliable indicator of cyanobacteria presence and abundance.
(This was expected because phycocyanin is the pigment founderglkgen algae.) In contrast,
chlorophylla measurements wer@ot a reliableand sometimes misleadingndicator of cyanobacteria.

e Phycocyanin was also a much better indicator of adlgamthan chlorophylla, and better than cell
counts. The monitoring identified threshold values of phycocyanin above wbigrs are likely to be
present.

e Weather patterns, specifically warm air temperatures, were closely correlated with the preseacens
at Lake Ketchum.

¢ None of the parameters was a good predictofutfire episodesf algal toxins, however, except for
precipitaion the week prior at Lake Cassidy.

o Akey finding was that each lake is unique. The patterssfsand toxins were difficult to identify or
predict because valid indicators for one lake were not valid for another. This occurred because Lake Loma
almost never hadscum Lake Ketchum almost always hsaxim but one year had toxins and another year
did not; and Lake Cassidy was in the middle.

e TheSonicSolution®nits deployed in Lake Ketchum did not appear to have a significant effect in reducing
levels d algae as indicated by eithehlorophylla or phycocyanin levels.

Public Notification

Closely tied to the strategy of early detection was improved public notification when toxic algal blooms occurred.
SWM coordinated with the Snohomish Health Distmictieveloping and implementing protocols for sign postings
and other methods of public notification.

e The public notification proceder toxic algae incidents in Snohomish County evolved from a scattered
responsebefore the projecto an agreed upomand corsistent notificationsystem. The system
dramatically improved both the timeliness and effectiveness of notificatioth most postings or follow
up activity being conducted withia day @ two of the field observations.

e Sign postingarethe most important and immediate public notificationfer general lake usersSWM
posted public access sites at the three lakes with CAUTION signs whenevevaspmesent and the
cyanobacteria species were ones likely to produce toxins. The postings usually occutihecday those
conditions were first observedAs soon as test results showed toxin levels greater thar/Mashington
Sate standards, SWM posted WARNING signs.

e The most effective method for warningkesideresidents (who do not use the public accessssending
email alerts to interested partiesSSWM assemblednd continues to expanextensive email lists of lake
residents and usersEnail alertswere sentwhenever toxic conditions were identifiexhd when the
conditions improved SWMalsoupdatedits website with toxic algae test results as soon as they were
availablesothat residents could have utp-date information on testing results

e SWM mailed post card notices to all lake residents alerting them to the toxic alye® press releases
were dso issued to warn residents. These techniques reached people whotdse the public access
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points or who could not be reached by emdtuture alerts can be sendpidlyusing the postcardr past
press releaseas templates.

The overall results ohe public notifications implemented as part of this project were that citizens at the three
lakes received fast and accurate information about the potential risks from toxic algae in their lakes. This reduced
the risks to human and pet health otherwisegaal by the toxic algae.

Lessons Learned
The key lessons learned from this project are:

e Frequent monitoring and rapid public notifications are invaluable for protecting public health from toxic
algae particularly at lakes with a high likelihood of havingit blooms

e The public is interested and desires information about toxic algae at their.lakes

e Repeatedand creativeoutreach is necessary tmnvey messages to the pubgparticularly to establish
the connection between individual actions that incseautrients and algal growth.

e Phycocyanin measurements and scum observations are the most useful tools for early identification of
potentially toxic algae However, field observations are not completely relialaled laboratory testing is
the only method 6r accurately detemining the presence of toxins.

e Each lake and each year are differete high degree of variability bloom occurrences and toxin
production both between lakes and between sampling years milextremely difficult to identify clear
patterns that would improve the detection and predictiontokic blooms.

1. PROJECT BACKGROUND

TheCyanobacteria Prevention and Early Detectjpant project involved Lake Cassidy, Lake Ketchum, and Lake
Loma(Figurell-1). Thesdhree lakes each have relatively poor water qualigdl three are listety the State of

2 AKAYy3d2y & GAYLI ANBRé o0& SEOS&a& LIK24AELK2NHza @ ' YRZ
cyanobacterialflue-green algag

Lake Cassidy isl®1-acre recreational lake located north of Lake Stevens. The lake is shallow and naturally
eutrophic, with abundant algae and aquatic plants in spite of naturally-daldred water. Water clarity is limited,
averaging about 1.0 meters Secchi depth. Phosps levels are high. The summer average for the upper waters
is 39 ug/l, and the average for the bottom waters is 159 g/l and increasing. The chlomglnylmer average is

22 ug/l, which indicates high levelsalfjal growth About onehalf of theshoreline of Lake Cassidy is developed
with small, single family homes and cabins. The watershiagigs,about 2,500 acresand is in the process of
converting to suburban uses. Both the lake front and watershed are served-&ijeoseptic systems.

L&ke Ketchum is a32acre lake located north of the City of Stanwood. The lake has a maximum depth of 21 feet
and an average depth of 12 feetake Ketchum has the worst water quality of any lake in Snohomish County.
Water clarity is lowt 1.8 meters aveage. The levels of nutrients are extremely high. Total phosphorus summer
averages are 286 ug/l in the upper waters and 1,713 pg/l in the bottom waters. Dense algal blooms are common
in the lake. Chlorophyd averages 35 g/l during the summeFhe sloreline of Lake Ketchum is densely

developed with over 60 single family homes. The watergmars350 acres and supports suburban and semi

rural residential development. All homes in the area havesité septic systems. The primary sources of nutsen



are runoff from a former day farm and internal cycling. Citizens regularly use herbicides to control aquatic plants
and have installe@onicSolution®nitsin the lakein an effort to controlalgal growth

Lake Loma is &32acre lake located in theeS8en Lakes area west of the City of Marysville. The lake has a maximum
depth of 28 feet and an average depth of 11 feet. The lake is fed entirely by groundwater and runoff from
surrounding lake front properties. Lake Loma is eutrophic and experiengelralgae and aquatic plant

problems. Water clarity averages 1.5 meters during the summer. Phosphorus levels are relatively high, with a
summer average of 32 pg/l in the upper waters and 66 g/l in the bottom wafEnere are about 60 single family
homes surrounding Lake Lorrand all use ossite septic systems. The watershed is small and supportgisab
residential development.

Prior to the beginning of this project in 2008, all three lakes experienced toxic cyanobacterial blooms. Limited
testingrevealed that Lake Cassidy had toxic blooms in 2005, 2006, and 2007. Lake Ketchum had toxic episodes in
2000, 2005, and 2006. Lake Loma had toxic blooms in 2005 and 2007.

Snohomish County SWM began screening for toxic algae on a monthly basis iva00&eers collected water

samples, and SWM staff identified cyanobacteria species that might produce toxins. SWM followed up with

testing for microcystin toxin using Envirolagitest kits. These test results provided qualitative results that ®xin

were present but did not provide specific toxin vasueSamples were also tested at the King County Environmental
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results wereusuallynot avaihble for at least a week. So, notifications wefeen slow to reach the public By the

time residents and lake users were informed, the toxic episetkere sometimes gone.

Oneobjectiveof the grant project, then, was to improve toxin detection and makéfications more timely.

Another grant objective was to examine a variety of field measurements and environmental variables to determine
if any of them would help identify or predict toxic algal blooms. If certain conditions could be identifiedcthat o
during or even prior to toxic blooms, this would provide valuable tools for protecting public health.

Public awareness of toxic algae was low prior to 2008 aiSatherobjective of the grant project was to increase
public awareness of toxic algaearder for citizens to be able to watch for toxic algae conditions and better

protect the health of their families and pets. Public awareness of land owner practices that contribute nutrients to
lakes and lead to increasedigal growthwas also low. Thinal objective of the grant project was to help citizens
living near these three lakes understand how their actions contribute to nutrient pollutioralyad growthand

take steps to reduce nutrient runoff.

V. TASK 1 PROJECADMINISTRATION ANDAWAGEMENT

This grant project successfully met all required performance measures and was administered and managed
effectively. Snohomish County SWM managegject activities, budgets, staff, and workflow; maintained all
project records; and submitted payment recgte and progress reportsSWM alsaoordinated regularly with
Ecology, the Snohomish Health District, elected officials, other departments, and with thelmirdjén the
vicinity ofthe three lakes.

SWAM staff workd with Ecology to negotiate and fiata grant contract. The final grant contract was approved
by Ecology on June 16, 2008. SWM also negotiated Amendment No. 1 to the contract to revise portions of Task 2



and extend the grant expiration date for three months. Amendment No. 1 was applyvEdology on April 7,
2010.

Throughout the project, SWM maintained project records in paper and/or electronic formats and maintained all
financial records. SWM prepared and submitted six payment reqeesexing the periods of June 16, 2008
through Deember 31, 2009. A final grant billing for 2048ssubmittedin September 201@after all grant

activities were completed.

There were no significartdministrative, financial, or operational problems encountered in completing this
project However, the dcaal expenditures necessary to accomplish all the tasks were significantly greater than
anticipatedin the grantbudget. The amount of work required to conduct monitoring at three lakes on a weekly
basis and to organize the public outreach was substdyptimbre than was budgeted for this projecEWM spent
over$11,700 in staff time that was not charged to the grarithe following tablesrigurelV-1 and FigurelV-2 ,
summarize the projdccosts by task and hgbject.

FigurelV-1: Project Costs by Task

Project Costs by Task
Budget 2008 2009 2010 TOTAL

Task 1 $ 1,000 $ 216 $ 1,309 |$ 1525
Project Admin & Management
Task 2 $17,800 $10,358 $ 8,590 | $18,948
Public Outreach & Technical
Assistance
Task 3 $19,200 $15,825 $ 6,137 $ 2,117 $24,079
Early Detection & Notification
Costs Not Assigned by Task $ 5,220 $ 5,220

Total $38,000 $16,041 $16,495 $17,236 $49,772

FigurelV-2: Project Costs by Object

Project Costs by Object
2008 2009 2010 TOTAL
County Staff Time $ 8,618 $12,439 $12,128 $33,186
Supplies/Equipment $ 7,423 $ 81 $ 7,503
Outreach Mailings/Workshops $ 3,131 $ 1,802 $ 4,933
Outside Contractors $ 925 $ 3,225 $ 4,150
Total $16,041 $16,495 $17,236 $49,772




V. TASK2 ¢ PUBLIGOUTREACH AND TECHALQASSISTANCE

Requirements from grant contraciknd Amendment No. 1

The RECIPIENT will prepare educational materials on algae;green algae, algal blooms, and toxic algae for
use in newsletters and fliers. The RECIPIENT will modify existing materials where possible. The RECIPIENT will
mail one informational newsletter or flier per year to all lake front properties around Hiree lakes.

The RECIPIENT will prepare educational materials on controlling nutrients from individual properties for use in
newsletters and fliers. The materials will include information on septic systems, fertilizers, pet wastes, roof and
road drainage, and vegetated buffers next to the water. The RECIPIENT will mail one informational newsletter
or flier per year to all lake front properties and all watershed properties located within one quarter mile of the
lakes.

The RECIPIENT will recruit citizeslunteers at each of the three lakes to assist with identifying algal blooms and
distributing educational materials.

The RECIPIENT will develop two outreach documents on septic system care and maintenance. The documents
will be based on research and mateats from existing sources, including Centennial Clean Water Fund Grant
G0600297, and adapted to target lakiele and nearbyand owners. The RECIPIENT will distribute the two
outreach mailers to residents that live within ¥ mile of Lakes Ketchum, Loma,@askidy.

The RECIPIENT will plan, advertise and hold two septic system workshops primarily for residents near Lake
Ketchum and one for residents near Lakes Loma and Cassidy. The RECIPIENT will provide information about
septic system BMPs and other teoltal assistance at the workshops.

The RECIPIENT will give at least one public presentation at each lake about algae, nutrients, and lake health.
A. PUBLIOUTREACBAMPAIGN

In 2009, Snohomish County SWM launched an educational campaign at the three theget Tle primary goals

of the outreach program were to taise awareness of toxic algal blogr@gprovide steps to reduce the risk of

exposure to toxic bloomsand 3)increase awareness of the causes of algal blooms antdebBnanagement

practices (BNPs)that would help tolimit algd growthd ¢KS 2dziNEl OK OF YLI A3y SYLX 2&S]
mail pieces, and workshops to engage the public.

rl. TOXICALGAE ANDNUTRIENT REDUCTI@WHKEB PAGES

The first element of the outreach campaign was to enhanceSthénomish Countyvebsite
(www.lakes.surfacewater.infoto be an accessible and informative resource for toxic algae awareness and
nutrient reduction strategiesln total, 12 new web pagewere planned, reseahed, and launched on the
website betweerDecember 200&nd March 2009See Appendix A for snapshots of each webpagdée

first series of six pages were resources for understanding algae and toxic algae and included the following
topics: dgae andakes,toxicalgae filamentous dgae algal bloom photosspecialCounty projects

involving dgae; andan algae links pag@n€ludinglinks to theDepartment of Ecology and the Department

of Health). The second series sixweb pages were developed romote BMPs fornutrient reduction.

¢KS aYSSLMAyYy3 2 dzhdovided tefailel iBfbrinalida &ré navedblaatdidffers healthy
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lawn carepractices, septic system care, pet waste remplaaid use runoffeduction, and waterfow!
management Next, eachof the existingndividualweb pages for Lake Ketchum, Cassidy, and Loma were
updated to include links to the new pages. Finally, in January 2e@&ghthe new pages were launched,
SWAM staff enabled tracking of web use for these pages via Google ibadtybetterassess project
effectiveness.

2. TOXIC ALGAE AWARESIESD NUTRIENT REDUGN IMAILERS

The seconautreachstrategy was to send a seriebmailerson toxic algae and nutrient reductiorSWM
designed, printed and distributed four mailers to tB85 property owners that levwithin ¥ mile of the
three lakes.The mailers were designed conjunction with $ a Qpublic outreach specialistsSThemailer
designs were medrto be attractive and eye catchingvith bright colors andrief but informative
messagesThree of the four mailers also included rephrdswith options for finding out more
information, signing up for email alerts, signing up for upcoming workshops, and scheduling site visits.
The first maile(sent March 2009 was an oversizegostcard that introduced toxic algal blooms and
informed residents of their lak® history of blooms. The mailer encouraged citizens tothisihewly
designed web pages. The second mg8ent June2009)highlighted that the toxic algae season was
approachingand again referred citizens to the websitét also provided details of how to respond to the
bloomand how citizens couldrotect themselves and their pets. Ttiérd mailer highlighted strategies
that lakefront residents could employ to redutiee occurrence of blooms by reducing thevil of

nutrients into the lake. To emphasizesthutrient-reductionmessags, this mailer was sent iduneand
again in Augus?009 (See Appendigfor copies of the mailers.)

3. WORKSHOPSNALGAE, NUTRIENPANDLAKE HEALTH

In the summer of 2009, SWhbieducted workshops at eadf the threelakesto educate citizens about

toxic algae, lake conditions, and BMPs for controlling nutrients that feed gigath. The workshops
werefirst promoted inthe aforementiored mailers. In addition, separate mailespecificallyinviting
residents to the workshops was sent dotthe 595 property ownerg advance of the workshops
(AppendixB). TheLake Loma workshop was hald June 16th; the Lake Ketchum workshop was loeld
June 17th, and the Lake Cassidy workshop was on June 22nd. SWM staff made three presentations at
each workshop one on lake ecology, one on algae and toxic algae, and the third on BEB&s. (

Appendix Gor a copyof the Lake Lom@resentations whichare similar to presentations at the other

lakes) Therewere approximately a dozen people in attendance at each of the Loma and Ketchum
workshops but onlyone person at theCassidy workshop.

VOLUNTEER RECRUITMEN

SWMrecruited citizen volunteers dtakeKetchum, Lake Cassidy, and Lake Lontataluct routine monitoring of
lake conditions and notify SWM staff about dlglboms. The volunteers actively participated in monitoring the
lakes for blooms throughout the 2008 and 2009 algae monitoring seasaicantinuedin 2010. At Lake Cassidy, a
volunteer also helped tacceleratepublic notificatiors by adding or taking down YARNINGr CAUTIONsigns at
public access pointsnderthe direction of SWM staff.
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C. SEPTIC SYSTEM OUTERHEA

Septic systems wergpeciftallytargeted in this project as a potential nutrient sourceGassidyKetchum,and
Lomalakes The original outreach mechanism was intended tosbkintarydye testing of septic systems around
each lake with followup technical assistance and/or refals to the Snohomish Health Distriddowever SWM
proposed and Ecology approved Amendment No. 1 to chémge outreach approach. It was determined that a
targetedseptic outreach approacivould be a more beneficial and cost effective methaichddresing potential

septic sysm problems.In particular dye testing may have led to a greater awareness of failing septic systems but
would not actually encourage changes in septic care practices. In addition, technical difficulties with dye testing
may have actually discouraged septic system cafEhe main concern about dye testing was that there is a high
probability of false negatives that would give citizens the mistaken impression that nothing needs to be done for
their septic systems. Another conmoewas that septic systems can be contributing nutrients to receiving waters
SOSy 6KSy (KS &eaiSsSy isiudikely ® fesulRih aNdg duiing dye testirtg A Thé fiyial doncerny’ R
was that property owners with problems or poorly maintaihgystems would be less likelyparticipate in the

dye testing).

In place of dye testing, a targeteditreach campaigmwas implemented to address septic systedusingthe

spring and summer of 2010Cheprimary outreach message was to convey the impoctofseptic system care
and maintenance Outreach activities included the development and distribution of two septic system maitelrs
planning and conducting two septic system caraksbops.

1. SEPTIGYSTEM MAILERS

Two septic system mailers were desigibased on the initial research of a larger septic system outreach
campaign SWM is undertaking as part of @entennialClean Water Fund Grant G0600297. Through this
separategrant,a surveyof 400 residentsn specific regions of theounty with high oncentrations of

septic systemsvasconducS R (i 2 | a4Saa (i K&rreitlund@staidingdd $aiti€ dysieing y Q &
andtheir motivations and barriers to regularly maintaining their systetdsing this information, SWM
outreach staffdevelopedpotential septic careslogans, messages, anthilers They then held two focus
groups of varying @mographics to test the outreach pieceafew clear messages emerged from the
surveys andocus groupshat helped to shape théakeseptic mailers First, he primary motivators for
citizens tocarefor their systemswvere protecting the health of their famgsand protecting their
investmens (thereby avoiding costly repairs].he message people felt resonated the most was that
septic care was their responsibjl Althoughthe majority of survey respondentonsiderecharming

lakes and streama potential problencaused bya failing septic system,\itas nota primary motivator

for caring for septic systems.

Based on the findingsom this other grant SWMstaff designed, printed and distributed two septic
system mailers to the 595 property owners living within ¥2 mile of the thakes(See Appendi® for
mailers) Thefirst mailer (senin March2010) was intended to introduce the idea of septic system care
and to promote the planned workshops. The mailer incorporateditie y’ R 2 &gpti Naned
responsibility tagline and the idea of maintaining septic systems for proteptibtichealth. The second
mailer (sentin July2010) had similar messages and griaptbut had the primary goal of educating the
public on how to best care for their septic systenit included a Septic System Care Guide developed by
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SWM and the Snohomish Health District. The connection between septic care and lakes was also
highlighted in the second mailan hopes of generating a greatersponsefrom lakefront residents.

2. SEPTIGYSTEM WORKSHOPS

SWM planned, organized, and held two septic system care and maintenance workshogs of the
toxic algae grant The first workshop targed Lake Ketchum residents and was held in Stanwood on
March 252010. The second workshapmed atLake bma and Lake Cassidy residewtsheldin

Smokey PoinfArlington)on March 27, 2010Terry King of Washington SeaGrant was contractatbto
the presentationsat the workshops. Ms. Kirtas overR0years of experience educating communities to
better understand and care for thesepticsystems. The workshop was advertised in the first septic
system mailer and again throughalow-up postcard sena week before the workshopsworkshop
attendees were asked to RS¥Fhelp SWMestimate thematerials/resources needed for the workshops
Because of the lownitial RSVP rate§WM expanded the target audience by mailing postcards to citizens
from seveal nearby lakesIn total, 40 people attended the two wilishops 15 ofwhomwere from Lake
Loma and Lake Ketchum. No Lake Cassidy residents attémelarkshops.

The septic system workshops were very successful based on the sespohthe citizens athding. The

citizens were highly engaged and stayed far beyond the planned times to ask questions and discuss their
systems in more detailSix participants also followed up with an email or call to thank SWM for holding

the workshopas they had found ibhelpful.

D. TECHNICAL ASSISTANCE

Throughout the course of the grant period, SVikévided technical assistance to lakefront residents. Much of the
technical assistance work was related to early detection and naotification of toxichédgens discussed latén

this reportunder Task3. However, additional technical assistance conducted for the ttalees included the
following:

e (ollected and provided additional water quality data2008for citizens concerned about dissolved
oxygen conditions in one spiéic cove of Lake KetchunSWM als@rovided comments on their proposal
to install an aerator in that locationSWM staffesponded to inquiries about fish/fishing during blooms,
land clearing near the lake, and the potential impacts of localized spoimgdgal growth.

¢ (Communicated with the Northwest Region Ecology staff about the serious toxic algae and nutrient
problems in Lake Ketchum and the need for assistance to address the sources of these problems; met
with NW Ecology staff in Decemhigd09to discuss potential analyses of monitoring data and lake
restoration alternatives.

e Directly communicated with 7200 lake users (including fisheem swimmers, pet owners) during the
course of monitoring. The majority of lake user&ounteredwere at Lake @ssidy and Lake Ketchum.

e Tested two shallow drinking water wells near Lake Cassidy for potential algal toxins at the request of
citizens. No toxins were found in the well water.

¢ Responded to calls and requests from more than a dozen citizens at theltie=econcerned about toxic
algae and the relationship between their properties and lake conditi@WM staff provided information
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about toxic algae and nutrients and propegpecific advice for nutrient reduction activities by phone,
email, and site wits.

E. ASSESSMENT OF PUBMWTREACHANDTECHNICAL ASSISTANCEIVITIES

This grantprojectcan be assessed both in terms of implementation effectiveness (were all of the proposed
activities implemente@) and overall effectiveness (did the activities retivh desired goa®. In this section, the
discussion will primarily focus on goals one and three of the project (raising awareness of tdxitoalgaand
their causes, and the best management practices to reduce nutjiefitise second goal of tlmutreach(to reduce
the risk of exposure to toxic alplooms) will be discussedainly underTask 3n Section VI of this repart

1. IMPLEMENTATIOBFFECTIVENESS

TheCyanobacteria Prevention and Early Detectiooject met andin some case®xceeded the reqived
implementation activities with respect to public outteh and technical assistance.

e 586residential householdseceivedtwo mailers on toxic algae anmdethodsto protect
themselvesand their petstwo mailers on general nutrient reduction best managsm
practices, andwo mailers on septic system maintenance and ¢areluding a septic system
maintenance guidémail was sent to 595 addresses, but 9 consistently came back undelivered)

e 586householdsalso receivedwo additional mailers advertising ¢hlake health/algaevorkshops
and the septic system workshsp

e 24 residentsattended the lake workshops and learned detailed informatiortaxic algae,
sources of nutrients, and best management practicear lakes

¢ 40residentsattended theseptic systermaintenance and care workshopad were trained on
understanding and caring for their septicsgms, an additional 10 received technical assistance
on septic care or were signed up for a future workshop.

e 2 residents hadletailedindividualproperty assesments to better understand how to reduce
nutrient loads to their lake

e 75100 lake users were informed of toxic algae, its causes, and methods for limiting exposure
through discussions at the public access sites

2. OVERALDUTREACH PROJECTEERFVENESS

In addition to implementing the required elements of the outreadhisalsoimportant to assess the
effectiveness of the strategids/ answering the followingl) Did public awareness of toxic algae
increase? 2) Do citizens have a better understandinigeo€auses of alddlooms? and 3Havecitizens
implemented behavior changes resalgiin nutrient reductions?

Ideally surveys would be conducted before and after project implemeniaticassesghe answers to

these questionsGiven the limited budgefor this project, preand postproject surveys were not

conducted. SWM does intend to contact septic system workshop attendees in two years to ask if actions
to maintain their systems are being takeAnd, SWM will keep track of behavioral or-thre-ground

changes that citizens take to reduce nutrients around lakes as these are communicated by.citizens
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Longterm water qualitymonitoring of the lakeganalsoindicate ifnutrient reductionsare occurring or
not. With the help of volunteers, SWM currenthonitors each of the lakes monthly during the summer
months andrackslongterm changes to nutrients, algae, and water clarity. Howetrer high pre

existing nutrient loads ieach ofthe three lakeswill likely maslkanylongterm nutrient reductionsat the
lakes that may occur from citizen actions taken in response to the outreach activities of this project.

That said, lhere are a few metrics that caserve as proxies for surveys and monitoring restoltiselp
evaluate theproject effectivenessincluding web usage statistics and anecdotal evice that are
presented below.

Web Usage

Web usage statisticgre the most quantitative measure available to assess the project effectiveness

particularly related to the awareness of toxigdlblooms,the undestanding of tleir causesand nutrient

reduction strategiesand awareness of septic system maintenance and. clisage data tracking was first

AYLX SYSYGSR FT2NJ {2aQa fI1S4& LINE Jadwéas odliBdied thibugSa o S3 Ay
July 2010 (Jdy 2009 data were not available)rhe new web pages were launched primarily in February

and March of 2009. The mailers on toxic algae were sektarch andVay of 2009 and themailers on

BMPswere sentin Juneand Augusbf 2009 Advertisements for th workshops were also sent irtda

May and early June of 2009.

Thelakes home pagis thepagethat is mostrepresentative of the overalebsite activity. In the first

two months prior to the start of the campaign, average usage was approxinmg@aiqie hits (130 total
hits) per month From March through August of 2009, the average monthly unique site hits increased to
145 uniquehits (212 total). This represents a near doubling of web traffic to the general lakes pHges.
overall increase in wetraffic to these pagess most likely not a result of mailers alone, but can more
likely beattributed to seasonal interest ilake informdion that peaks in the summer.

Generally, SWM has found that citizens are most likely to find thepagie for theirindividual lake above
all other pages (based on the high usagéhefindividual lake index page). Thereforao#herindicator

of increased web traffifrom the mailerscan be found by specifically looking at tihelividualweb pages

for Lake Ketchum, ka Cassidy, and Lake Lam@lthough these pages have existed since early 2008,
2009usage datare available. For January and Febri2099 prior to the mailers, the averagsagefor

all three lake pages combined was 19 unique hits (22 total péisjnonth(FigureV-1). From May

through September 2009, the average was 111 unique hits (98 total hits). This represents four to five
timesincrease inveb trafficduring the mailing periodHowever, in 2010 a similar incream web traffic

to the three sitescan be seen. Therefore, the mailers may have played a part in increased awareness of
the webpagesandthere continues to be a strong interesttioxic algae at these lakes evanthe

absence of the mailers-{gureV-2).

Next, the web traffic of the new algae information pages and the serigs 3. JA y3 |, 2dzNJ [ 1S | S}t
pages can help to determine if people were increasing their awareness of algae and best management

practices. Prior to theestablishment of these pages, there was only one wabe with general tips on

lake stewardshi@and no pages on algae. The averkde stewardshippageusage for January and

February 2009 waB unique hits (10 total)In contrast, he new healthylakespages had a total March

through September average of 93 unique hits (123 tqtal) month,and the algae pages had a totl

115 unique hits (142 totalFFigureV-1). The mailers in 2009 are likely the primary source for titin
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increase in use of these pagesparticularly the algae pages. However, usage in 2010 shows that these
pages are still highly visiteds the April through July monthly average in 2010 for the algae pages is 132
uniguehits (155total hits) and forthe healthy lakes pages 84 unique hits (97 tofadjureV-2). It is not
possible to know if usage of these pages is primarily from individuals at the three target lakes or from
other citizens in the county.

FigureV-1: 2009 Web Usage Statistics fan@omish County Lakes Program

2009 Web Usage Statistics for Snohomish County Lakes Program
250

225

200

B / - \/«
A o\

. DAY
’ \ N\

Unique Web Hits

50 =
“ X
2 le
s
L
0 + — . )
&’6 07’6 @‘& < é@* S \SA S & N & &
& & S ¥ S & ‘&@ 0‘}0 &6‘ &6‘
& ‘_)@Q S Ing
—o—Lakes Main Page —— Algae Pages
—+—Healthy Lakes Pages —=Toxic Algae Alerts
®-Cassidy, Ketchum, Loma Webpages —-Existing Septic Webpage

16



FigureV-2: 2010 Web Usage Statistics for SWM Lakes Program

2010 Web Usage Statistics for Snohomish County Lakes Program
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Finally, the web usage statistiase probably most beneficial inssesmgthe effectiveness of the septic
outreach conducted in 2010. In March 20atew septic system care page was launched on the SWM
website in preparation for mailing the septic system outreach pieces. Theralveaslyan existing septic
system welpageelsewhereon the SWM website. For the entire year of 2009, the average monthly
traffic on the existing septic system welhge was 26 unique hits (29 total hits). Since the launch of the
new septic page in Marck010 webtraffic increased to 81 unique hits (106 total hig®r month
Therefore, web traffic durig the mailings nearly tripledndicating a significant impact from the mailings

Anecdotal Evidence

There is significant anecdotal evidence that the public outheefforts of this grant project were

effective. First, SWM staff received the clear impression during encounters with th@0/lake users
mentioned above that more and more of the users were aware of toxic algae as the project progressed.
Especiallyri 2009 and in the early months of summer 2010, the majority of lake users encountered stated
that they were aware of toxic algae, were familiar with the notification signs, and were not letting their
children or petswim in the lakes whenever scum wargsent or signs were posted. SWM received this
same impression during a public meeting at Lake Ketchum and in phone calls and email exchanges with
citizens at Loma and Ketchum. Toward the end of the grant project more of the people were very aware
of toxicalgae and of ways to reduce nutrients flowing to the lakes. Citizens gave the impression that they
were more aware of the impacts of fertilizers, pet wastes, and poorly maintained septic systems.
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The anecdotal evidence specifically about the impacthefrhailers in 2009 was less clear. Numerous
people who were asked by SWM staff did not remember receiving more than one mailer, even though
four mailers were sent one about toxic algae, one about protecting humans and pets from toxins, and
two about BMP4go reduce nutrients and control toxic algae. Most people remembered only one mailer.
This finding points to the importance of providing information to citizens more than once to actually make
an impression. Also, SWM found that the reply postcards wiate part of three of the mailers were

not well used. This is in contrast to other SWM projects that have had a higher postcard response rate,
probably because those projects offered some incentive (a prize, a coupon, etc.) for people to respond.

Anecdotl evidence of the effectiveness of the septic system outreach was positive. During the
workshops, participants were highly engaged and many stayed long afterward to address particular
guestions about their systems. Many attendees stated that they hachésl a lot of new information

and that they wanted their friends and neighbors to have the same training. One participant told SWM
the following month that he had had his septic system checked and pumped for the first time in over 20
years. SWM was alsavare that some of the participants later contacted the Snohomish Health District
for technical assistance with their septic systeritfie overall effectiveness of the septic workshops would
have been increased with a higher attendance level. There araseen expressed that either the

G2N] aK2LJA 2NJ ASLIGAO LilzYLIAyYy 3 g 2dzZ R sgstem yrangrdidceti 2 NB © ok
there was alsdikely fear about penalties for failing systems and confusion about the role of Snohomish
County versus ther®homish Health District. Future workshop attendance may be improved if the
lakefront community was more actively involved in the promotion of workshop

Finally, there is evidence that the accumulated outreach from the mailings, website, workshopsggosti

and notifications increased awareness and spurred actions. In particular, at Lake Loma, in response to

{2aQa 2dzi NBI OK ST 7¥2 NI anotifyhg redidgnts i dokitajgal Bloor & 2008 & (G OF NR &
6RA&0dzAaSR 0SSt 29 dz¥ RENI ataazo t A OIMN2AAF RGP ODAZ YA Sy a KU ¢
association and take steps to improve lake water quality.

One notable exception to the success of the outreach campaign was the lack of participation by Lake
Cassidy residents in both the toxilgae and septic system care workshops. Furthermore, very few phone
calls were received following toxic episodes at Lake Cassidy in comparison to Lake Ketchakeand

Loma. The web statistics are the only true indicator that the mailers were engaiedassidy residents
(the average monthly web visitations were higher at Cassidy than either Loma or Ketchum). In part, the
discrepancy can be explained by the lower numbers of residents living within %2 mile of the lake. Cassidy
had approximately 90 tgiet households compared to 330 at Ketchum and 180 at Loma. Other potential
reasons may be a lack of connection to the Iakeausehe majority of close households are not located

on the lake itself. Finally with regards to septic systems, there mayhighar likelihood of failing

systems given the high lake levels frequently experienced during the wingking a workshop

sponsored by government agency less appealing. Overall, a different approach may be needed at Lake
Cassidy to achieve lorigrm nutrient reductions from the watershed.

General Conclusions

Based on the limited ability to track project effectiveness it appears that the public awareness of toxic
algae and their causes has definitely improved. It is less clear if citizens have imiglétnehavior
changes that will lead to a reduction in nutrients. However, the projecldidghe foundation for
connecting individual behaviors to nutrients and algal grawatiaking future projects more likely to
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succeed. Thestablished web pages amaitreach piecesvill continue tobe used tchelp encourage
behavior changes by residerdsthese and other lakes in thewunty. Furthermore, SWM has learned
important lessons for improving the approach to and effeshess of outreach campaigns.

VI. TASK3 - EARLY DETECTION ANOTIFICATION

Requirements from grant contract

The RECIPIENT will conduct weekly algae and water quality monitoring of the three lakes from early June
through mid-October.

The RECIPIENT will track relationships between chlorophgth@ cyanobacteria concentrations to determine if
there are patterns leading to toxic blugreen blooms. The RECIPIENT will use the patterns, if possible, as early
predictors of developing toxic blooms

A. WATER QUALITY ARDGABVMONITORIN@CTIVITIES

As requred by the grant contract, SWM conductetbnitoring of the three lakes frondulyOctober in 200gthe
grant contract was not signed until July 2088y JuneOctober in 2009 The monitoring was conductealy boatat
the deepest point and at multiple shdiee points in each lakéigure VI1; FigureVI3; FigureVI5). Monitoring
parameters included temperature and dissolved oxygen profiles, pH and conductivity (in somewasss),
clarity,in situchlorophylla, in situphycocyanin, phytoplankton, arcyanobacterial toxins (microcystin and
anatoxina). The toxin tests in most cases were performed by the King County Environmental Lab as part of the
Ecology algae monitoring pgoam or as part of th&®egional Examination of Harmful Algal Blooms (REHAB)
program with King and Pierce counties. In some cases, SWM performed microcystin screening teEts88ing
test kits from Envirologix, Inc. The test kit results paralleled th€ng County lab results in every caSaVM
conducted the lake monitoring on as close to a weekly basis as poskitdeme cases, monitoring did not include
every site on a lakeThe monitoring methods are described in more detal\ppendix E Gyandacteria

Prevention and Early Detection MonitoriRgotocols. SWM also developed a new database to house the algae
and toxin data collected during this project (see Appendix F)

B. ALGABVMONITORING RESULTS

Vl. CYANOBACTERIAL BLGAMDTOXIN TESTS
Lake Cassidy

L&ke Cassidy has a history of toxic algal blooms. In limited testing, toxins were documented on one or more
occasions in 2005, 2006, and 2007.

During the grant project,ake Cassidy was monitored on 12 dates between Jiﬂ)aﬁs October 24 in
2008 and or23 dates between June T&nd November 18in 2009. Cyanobacteriadcum wasobserved at
one or more locationsgluring 20 of the 35 site visiter 57% of the timg11 visits in 2008 and 9 visits
2009)(FigureVE2). In both yeas, blooms began in mid to late August and persisted until early\idtien a
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scum was present, it was nearly always foumthe greatest quantityat the boat launch (18 of 20 visits).

Scum variedirom light filmsto thickaccumulationgselected photosn AppendixG). The color wasypically

bright green, but in 2008 there was a gray scum which appeared to be Apmgaenasp. Onat least two

occasions in 2009, a thin film of scum extended all the way to the center of the Thlezoncentration of
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Figure VI-1: Lake Cassidy Monitoring Sites
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Lake Cassidy had toxic blooms in both 2808 2009 FigureVI2). In2008, microcystin levels were found

on seven of the eight dates tesl, with values ranging from 0.14 to 20.1 pg/l (parts per billion, or ppb). On
three occasions in October 2008, microcystin exceeded the Washington State recreational standard of 6
pa/l.  Anatoxin was tested one time in 2008 and the concentration ohdhte was 0.15 pg/l, below the
State standard of 1 pg/l.

In 2009, microcystin was detected on 11 of the 16 dates tested. Microcystin concentrations exceeded the
recreational standard from Septembef &ntil sometime between October fand 26". Micracystin levels
reached 4,600 g/l on 10/19/2009, the highest reading yet observed in Snohomish County. Although
anatoxina was tested on 11 dates in 2009, no measureable concentrations were found. Analysis was also
performed for cylindrospermopsin and stxin on 10 dates. On 10/19/2009, saxitoxin was detected at a
concentration of 0.02 pg/I.

FigureVI-2: Lake Cassidy Scum and Toxin Data 202809

Scum aA ONR O& Anatoxina Toxin Levels Exceed

Present (ug/l) (ug/l) Receational Standard

9/14/05 >0.5 and <3 No
8/31/06 >0.5 and <3 No
6/27/07 0 No
8/29/07 >100 Yes
9/6/07 12.6 Yes
9/19/07 72.2 Yes
7/23/08 No NA
7/28/08 Yes 0.535 No
8/4/08 No 0.15 NA
8/11/08 Yes 0.772 No
8/22/08 Yes 4.98 No
8/27/08 Yes NA
9/4/08 Yes 0.144 No
9/10/08 Yes 0 No
9/18/08 No NA
10/8/08 Yes 6 Yes
10/16/08 Yes 20.1 Yes
10/24/08 Yes 6 0 Yes
6/18/09 No 0.01 No
6/23/09 No 0 NA
6/30/09 No 0.01 No
717109 No 0 NA
7/12/09 No 0.084 No
7/21/09 No 0 No
7/28/09 No 0.01 0 No
8/5/09 No 0 NA
8/11/09 No 0.0625 No
8/19/09 Yes 0.01 0 No
8/24/09 Yes 0.477 0 No
9/2/09 Yes 0.01 No
9/8/09 Yes 52.2 Yes
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Scum aiAONR O& Anatoxina Toxin Levels Exceed

Present (ug/l) (ug/l) Receational Standard
9/15/09 Yes 30.7 0 Yes
9/21/09 Yes 665 Yes
9/29/09 Yes NA
10/1/09 No 0 No
10/5/09 Yes 802 Yes
10/12/09 Yes 413 0 Yes
10/19/09 Yes 4600 Yes
10/26/09 No 0.909 No
11/3/09 Yes 3 No
11/19/09 No NA
’tBoId values exceed the state recreational standard of 6 ug/l for Micnomy4tiug/l for Anatoxin
AValues recorded as 6 represent the upper limit of test used that date and may actually be higher

Lake Ketchum

Lake Ketchum also has a history of toxic algal blookmatoxina was detected in the lake in 2000. Low
levels of nicrocystin were measured in 2005. In 2006, saxitoxin was documented in the lake.

During the grant project,.ake Ketchum was monitored on 14 dates betwéene 38 and October 2% in

2008 and on 19 dates betweeghine 17 and October 1§ in 2009. Scurwasobserved at one or more

locations on Lake Ketchum during 88% of the site \(BitgireVI4). The scunvaried greatly in appearance
throughout the sampling period and came in the form of concentrated algal cluligps films andthick
scum(Appendk G). Typicallyat least one scum pesite visit was a thick scungcum colors ranged from

light green to fluorescent blueln 2008 and 2009here were only three dates that were classified as
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FigureVI-3: Lake Ketchum Monitoring Sites
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Toxn production in Lake Ketchum varied greatly between 2008 and ZeigareVI-4). In 2008,
cyanobacterial toxins werdetected inLake Ketchum of1 of the X dates that were tested.
Goncentrations ranged from 08g/l to 416 ug/l. The microcystin concentrations exceeded Hete
recreational standard of fig/l from 7/22to 8/28/2008 and again on 9/19/2008Iln 2008samples werealso
analyzedor anatoxina on four occasions. It was detectedtbnee of the four datesandthe toxinwas
equivalent to or exceeded th&ate recreational standard of fig/I.

In 2009, samplewere analyzed for microcystin on 15 of the 19 dates. t®Rin concentrations were very
low throughout the summer and fallvith amaximum microcystin concentratioof 0.203ug/l. Anatoxina
was analyzed for 13 of the 19 dates and was never detecthdrefore, no recreational standards were
exceeded in 2009 despite the persistent presence of cyanobacterial sEhiswasn stark contrast to 2008
when toxins were found regularly in the lake under similar bloom and scum condit@yismdrospermopsi
and saxtoxin samples were analyzed evawo weeksin 2009. Neither was found except for one
measuremenbf 0.106ug/l of cylindospermopsin on Septeber g

FigureVI-4: Lake Ketchum Scum and Toxin Da@08- 2009

Scum Microcystine Anatoxin-a* Toxin Levels Exceed
Present (ug/l) (ug/l) Receational Standard

7/5/2000 25 Yes
8/16/2000 <10 (MDL) Unsure
08/18/2005 >0.5 and <3 No
7/25/2006 0 No
8/17/2006 0 No
10/4/2006 0 No
6/30/2008 No 0.0 No
7/22/2008 Yes 416 Yes
7/29/2008 Yes 10.1 Yes
8/4/2008 Yes 242 1 Yes
8/11/2008 Yes 309 Yes
8/22/2008 Yes 8.62 Yes
8/28/2008 Yes 2.98 0.3 No
9/4/2008 Yes 1.49 12.9 Yes
9/10/2008 Yes 6 Yes
9/18/2008 Yes 23.1 0 Yes
10/3/2008 No 0.0 No
10/8/2008 No NA
10/16/2008 Yes 0.561 No
10/24/2008 Yes 0.5 No
6/17/2009 Yes 0.0 0 No
6/23/2009 Yes 0 No
6/30/2009 Yes 0.0 0 No
7/7/2009 Yes NA
7/13/2009 Yes 0.0 0 No
7/21/2009 Yes 0.285 No
7/28/2009 Yes 0.0815 0 No
8/5/2009 Yes 0.0 No
8/11/2009 Yes 0.0845 0 No
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Scum Microcystine 1 Anatoxin-a* Toxin Levels Exceed

Present (ug/l) (ug/l) Receational Standard
8/19/2009 Yes 0.01 0 No
8/24/2009 Yes 0.0855 0 No
9/2/2009 Yes 0.0 0 No
9/8/2009 Yes 0.11 0 No
9/15/2009 Yes 0.5 No
9/21/2009 Yes 0.174 0 No
9/29/2009 Yes NA
10/5/2009 Yes 0.203 0 No
10/14/2009 No NA
10/19/2009 Yes 0.108 0 No
*Bold values exceed the state recreational standard of 6 ug/l for Microcystin or 1 ug/l for Anatoxin
Walues recorded as 6 represent the upper limit of test used that date and may actually be higher

Lake Loma

Like the other two lakes, Lake Loma has a history of toxic cyanobacterial episodes. In 2005 and 2007,
microcystin was detected in the lake, with relatively high concentrations in August 2007.

During the grant project,ake Loma was monitored @ightdates between July #3and October 8 in

2008. In 2009, Loma was visited 19 times between Jull@ad@ October 18. Lake Loma had more

noticeable blooms of cyanobacteria in 2009 thar2008 The level of the algae in the water column was

only classified asheavyé on 3 datesin200B Y R Yy S@SNJ Of | & & ArfcanB8alt duriig2009 S NE K S| |
GKS f3FrS tS@Sta gSNBE ySOSNI 2SN GKFY aKSI@ée | yR ¢
Cassidy, Lomseems to experiencsignificanty fewer occurrences of scumwith only two scum events in

the two years of monitoringFigureVI-6). In both cases, the scum was a light film &ght green in color.

FigureVI-5: Lale LomaMonitoring Sites

Lake
Loma

Logend

@ Teopaonr Monkoring Foirt

O Swedine Moonrng Pot
Degth Cortours (Teal)

% Puble Accwes Port

Deph Cortour Soerce
1508P1. NW hariagion Depanmest
o Gane
Ay 10, 1852

24



In 2008, Loma was never tested for microcystimnatoxina because of the lack of scum aaddSNE KSI @& ¢
algae However, mn 2009, 11 of 14 samples tested for microcystin showed detectable lef/&gin (Figure

VI6). On two dates, toxin levels were found to exceed recreational standards. These two datesnd@/13
7/21/2009) also correspond to the two dates scum was observed on the lake. Anatwdr analyzed for

ten dates but was never detected. Ldkema was not tested for cylindrospermopsir saxitoxin.

FigureVI-6: LakeLomaScum and Toxin Data 2002009

Scum Microcystine 1 Anatoxin-a * Toxin Levels Exceed

Present (ug/l) (ug/l) Receational Sandard
6/24/2005 >3 Unsure
6/27/2007 0.69 No
8/29/2007 >100 Yes
9/6/2007 12.60 Yes
9/19/2007 72.20 Yes
7/15/2008 No NA
7/22/2008 No NA
7/28/2008 No NA
8/4/2008 No NA
8/11/2008 No NA
8/27/2008 No NA
9/10/2008 No NA
10/8/2008 No NA
6/17/2009 No 0.06 0.00 No
6/23/2009 No NA
6/30/2009 No 0.11 0.00 No
7/7/2009 No NA
7/13/2009 Yes 14.00 0.00 Yes
7/21/2009 Yes 74.10 Yes
7/28/2009 No 1.99 0.00 No
8/5/2009 No 0.50 No
8/11/2009 No 2.01 0.00 No
8/19/2009 No 0.01 No
8/24/2009 No 0.01 0.00 No
9/2/2009 No NA
9/8/2009 No 0.39 0.00 No
9/15/2009 No 0.01 No
9/21/2009 No 0.24 0.00 No
9/28/2009 No NA
10/5/2009 No 0.11 0.00 No
10/14/2009 No NA
10/19/2009 No 0.20 0.00 No

*Bold values exceed the state recreational standard of 6 ug/l for Microcystin or 1 ug/l for Anatoxin
Walues recorded as 6 represent the upper limit of test used that date and may actually be higher
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2. IN-SITUCHLOROPHYRIANDPHYCOCYANINEVELS

SWM measured chlorophytk and phycocyanin at all monitoring stations at the three lakes during nearly
every field visit.In situchlorophylla was measured in pg/l using a new progrchased fola Hydrolab
Minisonde 4a instrument. The instrument was ledtedin pg/l with water sample chlorophyé
measurements done by Aquatic Research, Inc. laboratiorgituphycocyanin was measured using a
newly purchased urner Instrumentf\quafluorfluorometer set at670 nm. The fluorometer was
calibrated to a slid standard that does not correlate directly with measurements of lab samples.

Lake Cassidy

The chlorophyla concentrationsat allmonitoring locations orhake Cassidy in 20@&hibitedan average
weekly value of 389/l and a range of 15 to 58/l (FigureVI7). In 2009, thesummer average of all
locations was 2 ug/l, with a range of 15 to 4Qg/l. The chlorophyk concentrations were very
consistent between the lake center and the lake shoreline. There was onkg/dfference in the twe
year averagsbetween thelakecenter, the boat launch (C3), and the pulalack (C4).

The phycocyanin concentrations, on the other hand, were much lower in 2@08in 2009. The 2008
average weekly valueas44 units, with a rangeof 19 to 76units (FigureVE8). In 2009, the values
averaged 8%unitswith a range of 6 to 278nits. Phycocyanin readings also hadre spatial variability
than chlorophylla, with much higher readings at shoreline monitoripgints. The tweyear phycocyanin
average for the center of the lake was B0its compared to 94units at the boat launch (C3) and 8inits
at the public dock (C4). The majority of the variability was skeimg theperiods with thickalgal scum.

Lake K&chum

Lake Ketchum chlorophylconcentrations éllowed similar patterns itboth 2008and 2009 with higher
peaks in 2008FigureVI-9). In both years, ancentrationsrangedfrom 15-30 ug/l until Septemberand
then increased tdigher levels throughout September and October. In 2008atrerage weekly
concentrationof all locations combinedas 39ug/I with a rangeof 9to 183ug/l. In 2009, the average
was higher at 521g/l with arange of 16 tdl07ug/l. During the periodsf lower concentrations €50

pg/l), there was little spatial variability in chlorophyll readings betweenfibemonitoring locations.
However,whenhigher comentrationswere measuredthe more isolatedhortheast and southeast fingers
(K1and K2 typically had higher readingbat frequently corresponded with scum accumulation

Phycocyanin concentratis in Lake Ketchum were the highest of the three IgkégureVE10). The
phycocyanin concentrationsere also highly variablwith no discernablgatterns between the yearsin
2008, the summer average for five monitoring sites combined wasiBidwith a range of 20 to ,611.

In 2009, the summer average was lower at 244 ynitsging from41 to 1492 The 2008average idikely
highersimplybecause no monitoring was conducted in the early portion of the sunwinem lower
phycocyanin concentrations occurred as was dom2002 There waslsosignificant spatial variability in
phycocyanin concentrations between the maming sitegFigureVI-10). The lake center, the northeast
finger(K2) andthe boat launchK4) all had similartwo-year averages of 15375, and 16@nits,
respectively. The phycocyanin readings at the southeast finggr)and the southwest covéK3)were
typically higherwith two year averages of 273 and 10iits (outliers exceeding 2,000 units not included
in averages
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Lake Loma

In 2008 chlorophylla concentrationsat the two sitesaveraged 16ug/l, with a small range fol2 to 19ug/l
(FigureVI11). There was little spatial variabilitwith only a 2ug/l difference in annual averages between
the center of the lake anthe two shorelinesampling locations. From July to September 2008
concentrations also remained relatively 10i&-20 pg/l) with little variability between sampling sites.
However, chlorophykh concentrations sharply increased in late September through Oct2d@eg with
maximum readingsip to51ug/l. Unfortunately, theravere no readings takeim mid-July2009during

the beginning of the toxic bloom at Londae to equipment problems

Phycocyanin concentrations in Lake Loma were much lowerithiatchum or Cassidyin 2008, the
averagephycocyanirconcentration was 12nits, with a range of 6 to 24nits (FigureVI12). There were
two smallpeaks in late July and again in late August. In 2009, the average was highemnés2&ith a
range of 4 to 54nits. Similar to the chlorophydl conentrations, thephycocyanirevelsfluctuated
within a narrow rangén 2009 until midSeptemberwhen they began steadily climbingntil sampling
concluded in miegOctober. Overall, there was little spatial variabijliggth only a difference of 2inits
between the lake center and the twshorelinesampling points.
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FigureVI-7: Lake Cassid€hlorophylla Levelsat Lake Sampling LocatiorZ)08- 2009
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FigureVI-8: Lake Cassidy Phycocyanin Levels at Lake Sampling Locationg 2008(Note the Log Scale for Phycocyanin)
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Lake Cassidy Phycocyanin 2008
1000.00
H
=
£ 100.00 . A
z N AN _ i
£ R 2*-_:_~7==.:=‘ = == N e
§. ﬁ*h\*‘\%‘kf —
Q
5 1000
o
1.00
6/23 6/30 7/7 7/14 7/21 7/28 8/4 8/11 8/18 8/25 9/1 9/8 9/15 9/22 9/29 10/6 10/13 10/20
=#=—Overall Average at 0.5 m =f=CO Center =e=Cl ===C2 (3 c4

FigureVI-9: Lake Ketchum ChlorophydlLevels at Lake Sampling Locations 2@0809






























































http://www.weather.gov/climate/index.php?wfo=sew
http://198.238.192.103/spw_swhydro/index.asp
http://198.238.192.103/spw_swhydro/index.asp
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